Third party data underlying Table 1 is available from <https://oia.nmsu.edu/files/2019/01/2018-Quick-Facts-Final.pdf>. The authors confirm they did not have any special access to this data. All other underlying data is available within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

The character of the United States (US) population is becoming increasingly diverse, with underrepresented (UR) individuals making up a sizeable segment of the entire population. Despite this increased diversity, there remain inequities in the distribution of UR individuals pursuing careers in biomedical research. The US Census data from 2010 demonstrates the growing populations in the US for UR individuals: 16% Hispanic, 13.6% African American, 1.7% American Indian/Alaskan Native, and 0.4% Native Hawaiian; altogether comprising over 30% of the US population \[[@pone.0225894.ref001]\]. However, fewer than 11% of the biomedical workforce self-identifies from these UR groups \[[@pone.0225894.ref002]\]. This dearth of UR individuals in biomedical professions is exacerbated by an examination of students entering the advanced biomedical field; only 8% of US biomedical doctoral students come from UR groups \[[@pone.0225894.ref002]\].

In the past three decades, many reports have been published that are critical of the lack of UR individuals in biomedical sciences \[[@pone.0225894.ref003]--[@pone.0225894.ref006]\]. The inability to achieve workforce diversity is attributed to many factors, but a key issue includes the institutional barriers that prevent students from entering the pipeline \[[@pone.0225894.ref006], [@pone.0225894.ref007]\]. Efforts to change the situation have resulted in very modest gains. As a result, the US is not producing a diverse, inclusive workforce; further, this threatens the nation's international competitive efforts \[[@pone.0225894.ref008]\]. New strategies and methods must be identified to counter the trends in the demographics of human resources in the biomedical arena to match that of our nation's general population \[[@pone.0225894.ref009]\].

Promoting a strong and diverse biomedical workforce is a top priority for the National Institutes of Health (NIH). Within the NIH, the Center to Reduce Cancer Health Disparities (CRCHD) at the National Cancer Institute (NCI) is a leader in identifying strategies and mechanisms to increase UR groups in biomedical research \[[@pone.0225894.ref010]\]. One of several CRCHD programs that has the goal of increasing UR individual participation in the pipeline is the Partnerships to Advance Cancer Health Equities (PACHE) program. PACHE's objective is to "enable institutions serving underserved health disparity populations and underrepresented students and NCI-designated Cancer Centers (CCs) to train scientists from diverse backgrounds in cancer research and to effectively deliver cancer advances to underserved communities" \[[@pone.0225894.ref011], [@pone.0225894.ref012]\]. This report documents efforts made by a specific PACHE program, the Partnership for the Advancement of Cancer Research (PACR) between New Mexico State University (NMSU) and Fred Hutchinson Cancer Research Center (Fred Hutch). Initiated in 2002, the Partnership has implemented training and collaborative research opportunities for primarily NMSU undergraduate and graduate students with the goal to specifically develop diverse leaders in cancer research and cancer health disparities research \[[@pone.0225894.ref013]--[@pone.0225894.ref015]\].

The Partnership developed an extensive tracking system to document the achievements of the participating undergraduate and graduate students. This system is the foundation of this research, which has three major objectives. First, we demonstrate meeting the goal of developing diverse leaders in cancer research and cancer health disparities by examining the long-term outcomes of our trainees. Then we examine the association between career decisions made by these trainees and their involvement in PACR specific activities. Finally, we show that trainees' dissertation research topics were conducted on cancer and health disparities.

Methods {#sec002}
=======

The setting {#sec003}
-----------

According to the 2010 census, New Mexico is a minority-dominated state with a population that is 62% UR groups \[[@pone.0225894.ref016]\]. The 14,289 NMSU students enrolled on the Las Cruces main campus are highly diverse with 61.2% from UR groups: 56.5% identify as Hispanic, 2.1% as Native American, and 2.6% as African American, making NMSU an institution primarily serving underserved health disparity populations and UR students \[[@pone.0225894.ref017]\]. In the PACHE Partnership, NMSU is the Minority Serving Institution.

Fred Hutch located in Seattle, WA, recognized as an NCI-designated Comprehensive Cancer Center, is the other member of the Partnership. Fred Hutch is seeking ways to involve UR groups in research, education, and outreach activities conducted at the center. Fred Hutch serves more than 5 million residents in their catchment area in Washington state of whom 22.7% are UR groups \[[@pone.0225894.ref018]\]. Health disparities research is an important goal of Fred Hutch.

Intervention strategies {#sec004}
-----------------------

A number of intervention activities in PACR have been instituted to assist UR individuals to pursue advanced biomedical careers. An Integrated Training and Evaluation Core (ITREC) oversaw and implemented these research education activities. First, at the undergraduate level, two strategies involved students in research education: Annually, up to six NMSU students were eligible to attend a summer internship at Fred Hutch. This internship provided professional experience working in a faculty-run laboratory with the student pursuing a scientific project on which s/he presented a scientific poster at the end of the internship. In addition, the students experienced social relationships not only with each other, but also with a cohort of interns from around the country who came to Fred Hutch to learn about research, graduate/medical school education, and professional development. The social relationships were encouraged through structured events to which all students were invited, through living in common dormitories, and through common educational experiences such as seminars, workshops, and scientific presentations. Students were strongly encouraged to attend such events and this resulted in the formation of friendships and camaraderie for many students. A second strategy was to place undergraduate and graduate students in laboratories and programs at NMSU conducting cancer research during the academic year. Again, they experienced social relationships as well as an environment that fostered rigorous research and professional development.

At the graduate level, another internship opportunity was available for graduate students; this also was a summer internship at Fred Hutch. Graduate students also benefitted from a Biostatistics Workshop held annually at NMSU and hosted by faculty from NMSU and Fred Hutch.

At Fred Hutch, a health disparities class attracted students who were interested in learning more about health inequities. In the past, Fred Hutch also supported a post-baccalaureate program for students not quite ready for graduate studies. Finally, the Border Experience Program recruited students from Washington state to travel around the Mexico-New Mexico border to experience the challenges of health care in an extremely underserved area. In all cases, individual students benefitted from institutional support, peer social support, and an environment conducive to advanced biomedical research. Such support activities included workshops in writing personal statements for entrance into advanced training, peer review of abstracts and papers, and intensive mentoring. All students met with their mentor on a weekly basis and discussed their scientific project(s), their future academic career, scientific papers to be written as a result of their work, and steps to be taken to pursue career goals. In addition, each student met one or two times during the summer with the academic mentor of the entire program and discussed career goals and opportunities as well as any student questions.

Tracking participants {#sec005}
---------------------

Tracking surveys were administered via SurveyMonkey annually in April for at least ten years post-program participation. The surveys were modified slightly to reflect whether the program participant was an undergraduate or graduate student and whether they participated in a summer internship. All of the surveys were electronic questionnaires designed to identify participants' current status, ways in which program participation informed or supported their academic/professional goals, and accomplishments post-program, i.e., degrees completed, scholarships, grants, publications. Print versions of the surveys are provided as supplementary files ([S1](#pone.0225894.s001){ref-type="supplementary-material"}--[S3 Files](#pone.0225894.s003){ref-type="supplementary-material"}). Maintaining email contacts for past participants was and remains an ongoing effort, with contacts and information gathered by social media in addition to emails. The Fred Hutch Institutional Review Board (IRB) and NMSU IRB have reviewed and approved this project annually since the inception of the Partnership in 2002. Three cycles of five-year awards have been completed and results from those cycles are reported here as PACR02/07 (2002 to 2007), PACR07/13 (2007 to 2013), and PACR13/18 (2013 to 2018).

Dissertation titles {#sec006}
-------------------

Dissertation titles and abstracts of the PACR trainees who completed their doctoral degree, either during or after participation in PACR, were collected using ProQuest (<https://search.proquest.com>). Records were searched by trainee name and self-reported degree year to recover dissertation titles and abstracts. The institution awarding the doctoral degree on the ProQuest record was checked against the self-reported institution by the trainee in their tracking survey response. The titles and abstracts were read to determine the research focus of the dissertation. The dissertation was scored as being conducted on (1) cancer research and/or (2) health disparities research, or on (3) biomedical research not including cancer or health disparities, or an (4) other topic., Two independent readers of the abstracts and titles characterized the focus of the dissertation research. These readers met to discuss discrepancies until they attained a consensus.

Cross-sectional survey {#sec007}
----------------------

In the interest of comparing the understanding of cancer biology and of health disparities, during the 2015 and 2017 academic years, a cross-sectional survey was conducted of a random sample of trainees who had been involved with the Partnership and a random sample of trainees who had not been involved in the Partnership with the goal of identifying any differences between the two groups in familiarity with and understanding of cancer biology and of health disparities. The sample for this survey included 100 current and prior participants in PACR-sponsored biomedical research education activities (undergraduate and graduate students, and post-docs); and a comparison group comprised of 100 individuals not in PACR, (undergraduates in genetics or cell biology courses, graduate students taking cancer or health related courses and post-docs not working on PACR-funded projects). Of the participants, 48% were undergraduates, 38% were graduate students, and 14% were post-docs, reflecting the overall distribution of trainees in the various PACR funded programs. The participants were sent an email with a link to the SurveyMonkey questionnaire, with one reminder email sent 2 weeks later. A print version of the questionnaire is provided as a supplementary file ([S4 File](#pone.0225894.s004){ref-type="supplementary-material"}). The Fred Hutch and NMSU IRBs reviewed and approved this project.

Analysis {#sec008}
--------

Descriptive data are presented for the various surveys. For the cross-sectional survey, a t-test was conducted examining differences between participants and non-participants of the PACR program by percentage correct responses to the health disparities and the cancer biology questions.

Results {#sec009}
=======

Demographics of the NMSU student population {#sec010}
-------------------------------------------

As noted previously, NMSU is a designated Minority Serving Institution (MSI), as well as a Hispanic Serving Institution (HSI) because it has a significant percentage of students self-identifying as Hispanic. [Table 1](#pone.0225894.t001){ref-type="table"} presents the number of undergraduate and graduate students within the NMSU colleges. These are limited to the colleges that have faculty who participate in the Partnership, as the University has some colleges that do not participate in the Partnership. The percent of the students who self-report as members of groups identified as UR in biomedical fields (Hispanic, African American, Native American, Pacific Islander) are also listed.

10.1371/journal.pone.0225894.t001

###### Demographics of undergraduate and graduate students in participating colleges at NMSU.

![](pone.0225894.t001){#pone.0225894.t001g}

  College                                           Undergraduate                                       Graduate    Total
  ------------------------------------------------- --------------------------------------------------- ----------- -------------
  Agricultural, Consumer & Environmental Sciences   1,433 (58%[^a^](#t001fn001){ref-type="table-fn"})   203 (23%)   1,636 (54%)
  Arts & Sciences                                   4,384 (66%)                                         801 (30%)   5,185 (61%)
  Business                                          1,502 (63%)                                         299 (44%)   1,801 (60%)
  Engineering                                       2,160 (54%)                                         398 (29%)   2,558 (50%)
  Health & Social Services                          1,148 (70%)                                         310 (58%)   1,458 (68%)

^a^Percentage of students who self-report as Hispanic, African American, Native American, or Pacific Islander; all data from \[[@pone.0225894.ref017]\].

Diversity of program participants {#sec011}
---------------------------------

Over the past 15 years the proportion of UR individuals participating in Partnership activities has been monitored. The racial and ethnic diversity of the participants is displayed in [Table 2](#pone.0225894.t002){ref-type="table"}. Overall, UR participation for all the funding cycles of the Partnership and across all program activities was 63.6%. The lowest rate of diversity among participants was for the activity that recruited from the Fred Hutch/University of Washington campus, specifically, the Border Experience Program (BEP), with 33% UR participation respectively.

10.1371/journal.pone.0225894.t002

###### Student participants in NMSU---Fred Hutch Partnership activities (2002--2018).

![](pone.0225894.t002){#pone.0225894.t002g}

                              Total \#   \# (%) Fem   \# Hisp   \# NA/PI   \# AA   \# Other   \% URM
  --------------------------- ---------- ------------ --------- ---------- ------- ---------- --------
  **PACR02/07**                                                                               
  UG Research projects        30         21 (70.0)    16        7          0       7          76.7
  UG Summer interns           31         22 (71.0)    23        3          3       2          93.5
  Grad Research projects      16         10 (62.5)    11        2          1       2          87.5
  Grad Summer interns         4          3 (75.0)     3         0          1       0          100
  **PACR07/13**                                                                               
  UG Research projects        34         23 (67.6)    10        8          1       15         55.9
  UG Summer interns           28         23 (82.1)    23        2          1       2          92.8
  Grad Research projects      29         9 (31.0)     11        1          2       15         48.2
  Grad Summer interns         11         8 (72.7)     6         1          1       3          72.7
  Border Experience Program   27         25 (92.6)    5         2          2       18         33.3
  Post-baccalaureate          10         9 (90.0)     9         1          0       0          100
  **PACR13/18**                                                                               
  UG Research projects        28         24 (85.7)    17        3          1       7          75.0
  UG Summer interns           22         15 (68.2)    11        1          1       9          59.0
  Grad Research projects      28         19 (67.9)    13        0          1       14         50.0
  Grad Summer interns         13         11 (84.6)    9         2          1       1          92.3
  Biostatistics workshop      42         23 (54.8)    17        2          2       21         50.0

The numbers of students (UG, undergraduate; Grad, graduate) in program activities are listed, sorted by the funding cycle of the partnership. The self-reported demographics of gender (female, F) and race/ethnicity (Hispanic, H; Native American/Pacific Islander, NA/PI; African American, AA) are indicated. Other includes non-Hispanic White, Asian, and individuals who do not report race/ethnicity. The percent female for each program level is provided as well as the overall percent underrepresented minority (URM). Some individuals participated in more than one program activity, and there were eight individuals who participated in more than one funding cycle.

Degree completion for participants {#sec012}
----------------------------------

Past participants of these programs have reported outcomes in their academic progression ([Table 3](#pone.0225894.t003){ref-type="table"}). The highest completion rates are for the summer intern undergraduates completing BS degrees, 93% in PACR02/07, 96% in PACR07/13 and 100% in PACR13/18. Similarly, the graduate summer interns have high degree completion rates: 100% earned MS or PhD in PACR02/07 and PACR07/13, while 77% completed MS degrees in PACR13/18. The BS degree completion rates for the undergraduates working on research projects is variable, ranging from 90% in PACR02/07 to 57% in the PACR13/18 cycle. The majority of the graduate students working on research projects in the partnership complete graduate degrees; in the PACR02/07 cycle, 21 graduate degrees were completed by 16 students and 81% of them earned doctoral degrees; in the PACR07/13 cycle, 31 graduate degrees were completed by 29 students and 52% of them earned doctoral degrees; in the PACR13/18 cycle, 18 graduate degrees were completed by 28 graduate students and 7% of them earned doctoral degrees.

10.1371/journal.pone.0225894.t003

###### Degree completion of PACR participants.

![](pone.0225894.t003){#pone.0225894.t003g}

                              Total \#   BS   MS   PhD   Other doctoral[^1^](#t003fn001){ref-type="table-fn"}   \% Doctoral
  --------------------------- ---------- ---- ---- ----- ------------------------------------------------------ -------------
  **PACR02/07**                                                                                                 
  UG Research projects        30         27   7    4     5                                                      30%
  UG Summer interns           31         29   12   8     3                                                      35%
  Grad Research projects      16         NA   8    11    2                                                      81%
  Grad Summer interns         4          NA   1    3     0                                                      75%
  **PACR07/13**                                                                                                 
  UG Research projects        34         21   7    2     2                                                      12%
  UG Summer interns           28         27   8    2     2                                                      14%
  Grad Research projects      29         NA   16   13    2                                                      52%
  Grad Summer interns         11         NA   10   3     2                                                      45%
  Border Experience Program   29         NA   23   11    0                                                      38%
  Post-baccalaureate          10         NA   3    0     0                                                      0%
  **PACR13/18**                                                                                                 
  UG Research projects        28         16   0    0     0                                                      0%
  UG Summer interns           22         22   0    0     0                                                      0%
  Grad Research projects      28         NA   16   2     0                                                      7%
  Grad Summer interns         13         NA   10   0     0                                                      0%
  Biostatistical Workshop     42         NA   17   4     0                                                      10%

^1^Other Doctoral: MD, PharmD

Persistence in biomedical research {#sec013}
----------------------------------

The dissertation title and abstracts of past student participants were obtained and used to report on the research topics of those participants. As of Spring 2018, 47 former participants completed their dissertations ([Table 4](#pone.0225894.t004){ref-type="table"}), with 96% earning doctoral degrees in biomedical disciplines. The majority of the dissertations (72%) were on cancer relevant projects, while fewer were on health disparities projects (11%). This persistence of interest in cancer and health disparities research topics by former student trainees indicates that the Partnership is meeting the stated aim to train cancer and health disparities researchers.

10.1371/journal.pone.0225894.t004

###### Dissertation research topics of former undergraduate and graduate student participants.

![](pone.0225894.t004){#pone.0225894.t004g}

                  \# PhDs   topic---other   topic---Biomedical   topic--Cancer   topic--Health Disparities
  --------------- --------- --------------- -------------------- --------------- ---------------------------
  **PACR02/07**                                                                  
  Undergraduate   8         0               8                    6               0
  Graduate        11        0               11                   10              3
  **PACR07/13**                                                                  
  Undergraduate   2         0               2                    1               0
  Graduate        22        2               20                   13              6
  **PACR13/18**                                                                  
  Undergraduate   0         0               0                    0               0
  Graduate        2         0               2                    1               1
  Total           45        2               43                   32              11

The number of student participants in each of the three phases of the partnership that completed dissertations are listed. The number of dissertations that reported research on cancer and/or health disparities is also listed.

Progression into independent positions in the biomedical workforce {#sec014}
------------------------------------------------------------------

The current education and/or employment status of all participants is surveyed annually. Based on a recent survey, 170 past participants were identified as employed and no longer in school. These individuals reported their job titles and places of employment on the survey. Sample job titles associated with our participants included Assistant Professor, Clinical Data Analyst, Policy Fellow, Health Practitioner, and Quality Control Specialist. Close to 80% of the respondents were employed in careers that are either in biomedical science or are related to biomedical science. These employment descriptions were clustered into either health care practice (doctors, nurses, public health workers, etc.); research (post-docs, professors, research scientists, etc.); or data or information science areas. The remaining jobs were categorized as other. Equal numbers of participants worked in research (n = 60) or health care (n = 60), while 13 past participants worked in data science areas, and 37 worked in other fields.

Among the past participants, the number of former trainees who were now in faculty and scientist positions in the biomedical workforce was determined. These individuals would have completed doctoral level degrees and were employed with job titles beyond the post-doctoral level. There were 48 individuals in our tracking database who met this definition. Of those, 16 individuals are in faculty positions and 32 are research scientists or clinicians. The individuals in these independent faculty and scientist positions reflect the diverse population of our participants in that 68.8% of the faculty and 59% of the research scientists identify as UR.

Impact of participation on cancer knowledge {#sec015}
-------------------------------------------

A cross-sectional survey was conducted of participants and non-participants in the Partnership on both the NMSU and Fred Hutch campuses, first in 2015 and again in 2017. The survey assessed cancer health disparities knowledge (five questions) and cancer biology knowledge (five questions). The average percent correct answers for these two categories of knowledge are presented in [Table 5](#pone.0225894.t005){ref-type="table"}.

10.1371/journal.pone.0225894.t005

###### Comparison of cancer knowledge between participants and non-participants of Partnership training activities.
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                                                                     2015 (n = 32)[\*](#t005fn001){ref-type="table-fn"}   2017 (n = 57)          
  ------------------------------------------------------------------ ---------------------------------------------------- --------------- ------ ------
  Cancer Health Disparities[\*\*](#t005fn002){ref-type="table-fn"}   55.6                                                 22.2            88.1   65.0
  Cancer Biology                                                     59.4                                                 33.3            49.2   44.0

\*Numbers were too small for significance test.

\*\* For 2017, p value for difference in health disparities was 0.02.

The knowledge demonstrated by the correct answers to this survey was outside of any classroom or workshop setting. In both years for each category of knowledge, partnership participants had higher scores for correct answers than non-participants, although only the difference in health disparities knowledge was significant (p = 0.02).

Discussion {#sec016}
==========

In this work, the outcomes of training programs hosted by a partnership between a cancer center and a minority-serving institution demonstrate positive effects on UR students entering the biomedical pipeline. Throughout the three cycles of Partnership funding, UR students participated in Partnership activities. Further, a high proportion completed markers of successful progress, such as theses and dissertations. A sizeable percentage of students have continued to receive advanced academic degrees, and many are now in academic or research positions.

Similar to other long-term tracking of career outcomes \[[@pone.0225894.ref019]\], PACR past participants who completed doctoral degrees pursued careers in a wide range of professions, including academia. The degree completion rates for the participants in the PACR program are equal to, if not, higher than the degree completion rates reported for other programs. For example, the career progression of undergraduate participants in a 10-week summer program at Emory University has been reported for cohorts over a 15 year period and approximately 27% of the participants were from underrepresented groups \[[@pone.0225894.ref020]\]. Of the 800 participants, 28% completed any type of graduate degree and the authors did not report on the graduate degree completion rates for their UR participants. A program designed to increase Latino doctorates in cancer public health research has reported on outcomes of \~100 past participants \[[@pone.0225894.ref021]\]. In this case participants have earned an MS level degree and are trained for the transition to doctoral degree programs; 43% of participants applied to doctoral programs after the training, and close to 30% were enrolled. In both of these examples, very different training programs were conducted, and different outcome metrics reported. As listed in [Table 3](#pone.0225894.t003){ref-type="table"}, in the first PACR cycle, 39 graduate degrees were earned by 61 undergraduates (64%); in the second PACR cycle, 23 graduate degrees were earned by 62 undergraduates (37%). The graduate degree completion rates for participants in the PACR graduate training programs were high: in the first cycle, 25 graduate degrees were completed by 20 participants (125%); in the second cycle, 83 degrees completed by 79 participants (105%). The varied doctoral degree completion rates between undergraduate and graduate students is expected, as graduate students are much closer on their career paths to this goal. The number of undergraduates and graduate students who complete doctoral degrees, increase as more time expires. For example, the percent of undergraduates who complete doctoral degrees doubles between PACR cycles 1 and 2. Perhaps these trainees face financial or familial barriers to immediately entering and completing graduate degree programs. Further survey studies would be needed to address this hypothesis.

The PACR experience provides many lessons. Importantly, there are difficulties in understanding the impact of a training program on UR individuals in the short term. Students do not necessarily traverse the pipeline in a linear manner. Further, long-term outcomes take time to mature. The analysis reported here, was conducted, after approximately ten years, to ascertain the outcome of career progression. When students drop out of and re-enter the pipeline, final progress may take longer.

Annual tracking to ensure annual contact with current and former students was key. This continued contact kept survey response rates from students in the range of 75% to 80%, depending on participant group. High survey response rates are likely facilitated by establishing a personal relationship with each UR individual who is in the pipeline.

Although the numbers are very small, it appears that participation in the Partnership has increased knowledge of cancer biology and health disparities. In both cases, students and faculty within the Partnership were more knowledgeable about the topics than non-participants. This may be because the Partnership has a myriad of activities that promote information dissemination about cancer biology and health disparities; thus, individuals within the Partnership are exposed to more information about the topics. Alternatively, participants may become more interested in the topics and seek out more information.

As part of the surveys conducted by the program, participants often provided responses that helped us understand how they perceived the program. A few examples are provided here:

> "The training program gave me exposure to border health and Hispanic health disparities research. It also cemented my interest in racial disparities research and outreach."
>
> (Participant in Border Experience Program).

> "I found that there were gaps in my knowledge and that simply learning from in-class lectures is not enough. There is a certain amount that you can learn from hands-on experience that is invaluable. I also learned some tips for applying to medical school and a great deal from the research seminars. I would say that my research skills have improved exponentially since coming here."
>
> (Participant in undergraduate summer intern program)

> "The \[program\] helped me meet my short-term employment goals through the guidance and advice offered in applying for jobs post-internship. \[Program staff\] helped edit my resume and cover letter for two job applications. Knowing that I need to continuously update my resume and make alterations based on the job description that I am applying for will help my short- and long-term employment goals."
>
> (Participant in graduate summer intern program)

These responses by the participants confirm many of our ideas on the importance of the diversity of program activities we provide through our training and professional development programs. These participants are reflecting on the value of the continuous support for professional development as well as the excellent research exposure of the different programs. The identification of writing skills and support by our program participants has been described by other groups as well \[[@pone.0225894.ref022]\].

Past trainees who are currently in independent roles have begun to mentor and train diverse students. This speaks to the sustainability of the Partnership approach; just as past trainees learned about the importance of involving UR individuals in the pipeline, so they mentor and encourage diverse individuals when they enter academic or research fields.

There are several strong bases for including UR individuals in academic biomedical fields. A more diverse workforce is likely to contribute to reductions in health disparities overall; diverse investigators may pursue research of questions that address health disparities at a variety of levels, including the biologic, social, environmental, ethical, and other topics that impact underserved populations. Diverse investigators will bring relevant cultural perspectives to research questions that may not be apparent to scientists from majority backgrounds. Recruitment of students from diverse ethnic/racial groups will be increased and maintained as they observe similar role models working in the biomedical enterprise. Finally, the visibility of UR faculty, fellows, and students in doctoral granting universities will provide effective role models to others pursuing advanced degrees in the biomedical field.

Supporting information {#sec017}
======================

###### Undergraduate intern tracking survey.

(PDF)

###### 

Click here for additional data file.

###### Graduate intern tracking survey.

(PDF)

###### 

Click here for additional data file.

###### Non-intern tracking survey.

(PDF)

###### 

Click here for additional data file.

###### Cancer knowledge survey.

(PDF)

###### 

Click here for additional data file.

###### Responses to cross-sectional surveys.

This excel file reports the answers to the cancer biology and health disparities knowledge questions used to calculate the data in [Table 5](#pone.0225894.t005){ref-type="table"}, sorted by year conducted: 2015 sheet and 2017 sheet.

(XLSX)

###### 

Click here for additional data file.
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Additional Editor Comments (if provided):

Dear Dr O´Connell:

Thank you for submitting your manuscript that was revised by 2 experts. Before I can make a final decision, I need that you revised the manuscript accordingly the both reviewers comments.

In particular, there are issues with grammar and some terms used (consistency). Please revise the manuscript and answer all questions raised.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Lines 57 -- 63

One of several CRCHD programs with the goal of increasing ethnic/racial individual participation in the pipeline is the Partnerships to Advance Cancer Health Equities (PACHE) program which has as its objective to "enable institutions serving underserved health disparity populations and underrepresented students and NCI-designated Cancer Centers (CCs) to train scientists from diverse backgrounds in cancer research and to effectively deliver cancer advances to underserved communities" \[11, 12\] Make this 2 sentences; it's a run-on

Lines 71 -- 75

Introduction

First, we examine how well the goal of developing diverse leaders in cancer research and cancer health disparities is being met by examining the long-term outcomes of our trainees. Then we examine the association between career decisions made by trainees and involvement in specific activities. Finally, we show how trainees' dissertations are linked to cancer and health disparities. How do these 3 major research objectives align with the stated goals listed in the abstract?

General Note

Be consistent throughout the paper with use of the terms "racial and ethnic minority", "ethnic/racial minority", "minorities", "underrepresented groups", "underrepresented populations", "underrepresented individuals"

Lines 99 -- 101

In addition, the students experienced social relationships not only with each other, but also with a cohort of interns from around the country who came to Fred Hutch to learn about research, graduate/medical school education, and professional development. Were these "social relationships" passive or actively and structurally facilitated? If the latter, please describe and discuss the impact on the student

Lines 116 -- 118

Such support activities included workshops in writing personal statements for entrance into advanced training, peer review of abstracts and papers, and intensive mentoring. It would be helpful to hear more about this intensive mentoring and what it consisted of

Line 136

Use of "We" in first person seems out of place

Lines 173 -- 174

Table 1 presents the number of undergraduate and graduate students within the NMSU colleges that have faculty who participate in the Partnership. Why is mention of "...that have faculty who participate in the Partnership" relevant? This is not clear

Table 2

List what "UG" means under table

Discussion

In general, the manuscript reports "outcomes" not "evidence", explicit factors or components of their programming which supports the outcomes of their trainees

There is no mention of varied degree completion rates among undergraduate and graduate students outlined in Table 3, i.e., potential factors, either self-reported or hypotheses, that contributed to this and how this could be addressed moving forward

There needs to be more direct evidence provided about how the program actively influenced persistence in biomedical research, specifically in relation to cancer relevant projects

Lines 290 -- 292

We consider the graduate degree completion rates for participants in our undergraduate training programs to be respectable. Similarly, the graduate degree completion rates for participants in our graduate training programs are also very good: What does "respectable" mean, and how is "very good" being determined in comparison to what?

Lines 297 -- 298

Further, long-term outcomes take time to mature. For us, it took approximately ten years to assess career progression. This is not an "assessment" as much as a report on outcomes

Lines 313 -- 335

Refer to and leverage information provided here to help support claims made throughout the manuscript related to "evidence"

Lines 340 -- 350

This information should have been included in the Introduction

Reviewer \#2: This is an interesting study, and I appreciate that it is longitudinal, as those are often not undertaken. Charts may add to understanding for readers as many numbers were reported.

Manuscript includes several of grammatical and punctuation errors. There are also a couple of places for more clarity. \"We\" is used throughout in places third person is more appropriate (e.g. line 63). Also, \"its\" is used often and seems awkward. Specific notes are below though not exhaustive.

Lines 58-59 needs commas

Lines 71-75 is confusing, needs rewording for clarity

Line 83 needs \"primarily\" or \"predominately\" added after \"institution\"

Line 86, \"forms\" to \"is\"

Line 94, usually \"as follows\" would be followed by a colon. May also want to add \"First\...\" for the first described strategy to add clarity to paragraph.

Lines 102-103, excessively long. Add \"undergraduate and graduate\" before \"students\" on 102 and the clause after colon on 103 is not needed.

Line 126, \"i.e.\" usually off-set by comma or parentheses, not colon.

Lines 141-142, too many \"then\" in process explanation (also appears elsewhere in manuscript. This could be more descriptive and clear.

Lines 152-156, multiple punctuation styles makes the sentence confusing

Line 195, \"Individuals\" should not be capitalized

Line 226-227, table title uses capital letter for each word

Lines 228-230, \"who\" and \"which\" should actually be \"that\" in both cases

Line 250 \"resultant\" is awkward in sentence and also the research scientists should be a \"resultant\" category

Line 259 ends with comma

Line 273 \"have gone on\" to \"continued\"

Line 274 needs a comma after \"degrees\"

Line 277 should have commas to offset \"if not higher\"

Line 294 under line number has weird symbol, maybe a track changes mark

Line 298 \"us\" to \"this project\" or other similar term\--paper is too familiar

Lines 313-329 holds good information and examples, but comments would be more appropriate in results than discussion

Line 342 \"on\" to \"of\"

Reference 10, I think \"D\" is \"Disparities\" and pages need to be reviewed for proper citation notation

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Jabbar R. Bennett

Reviewer \#2: Yes: Andrea M Zimmerman

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. O\'Connell,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.
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With kind regards,
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Additional Editor Comments (optional):

Dear Dr. O´Connell,

Thank you for carefully revising the manuscript. It is an important work that I am glad to accept for publication in the revised version.
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